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Characteristic computed tomographic (CT) findings of craniopharyngioma include 
calcification, contrast enhancement, and cyst formation . Sharp margins associated 
with a hypodense centrum usually characterize the CT appearance of a cystic tumor. 
The appearance of " dense" cysts in craniopharyngiomas has not been emphasized. 
Four cases of craniopharyngiomas with isodense to hyperdense cysts are reported . 
Comparative biochemical and in vitro CT analysis of cyst aspirates taken from these 
lesions demonstrate that high intracystic protein concentration accounts for the greater 
part of the hyperdensity. Various mechanisms for intracystic protein accumulation are 
discussed. Lesion characteristics, and not necessarily attenuation coefficients, are 
stressed in differentiating " dense" cystic from solid craniopharyngiomas. 

Cran iopharyngiomas have an ep ithelial origin and are considered to ari se from 
remnants of Rathke 's pouch [1]. They are located, in most cases, in the supra
sellar region with occasional extensi on into the anterior , middle , and posterior 
cranial fossae . About one-fifth of these tumors are intrase llar [1]. Cyst form ation 
is common, occurring in 84% of cran iopharyng iomas studied pathologicall y [1]. 

Computed tomographic (CT) diagnosis of craniopharyngiomas relies on three 
basic CT characteristics: tumoral calcification , contrast enhancement , and intra
tumoral cyst(s). Not all tumors, however, will disp lay all these features [2]. We 
report four cases of surgically resected cystic craniopharyngiomas that pre
sented as iso- to hyperdense suprase ll ar lesions on noncontrast CT. Surg icall y 
asp irated intracystic contents in three of four cases had markedly high protein 
concentrations which we believe account for the major part of the inc reased 
density seen on CT. 

Materials and Methods 

Two of four patients were scanned preoperat ive ly by a Delta 50 scanner , one by an EMI 
Mark I scanner , and th e fourth by a General Electric CT IT 8800. All patients had 
noncontrast scan and a contrast-enhanced CT scan after th e intravenous admini stra tion of 
4 ml l kg of Reno-M-DIP by infusion technique. One patient had a dynamic CT study using 
the General Electric CT IT 8800. Coronal scans were made in add ition to the ax ial scans 
in two patients. 

All four pat ients had intraoperati ve cyst aspiration. Th e cyst fluid aspirates we re analyzed 
for total protein in three patients, for albumin and iron in two patients, and for sod ium and 
potassium in one patient. In add ition, protein elec trophoresis was also obtained in two 
cases. Before biochemical analys is, the cyst fluid aspirate was scanned in vitro to obtain a 
numerical attentuation va lue in two patients. 

Results 

A summary of the c linical history and symptoms, results of plain film exami
nations , preoperative CT studies , operative fin dings, and pertinent laboratory 
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values obtained in analysis of the intracysti c contents are 
presented in table 1 and illustrated in figures 1-4. 

All four tumors were suprase llar. Three had dense nodular 
calc ification and two had curvilinear capsular ca lc ification . 
All tumors were iso- to hyperdense and lacked enhancement 
in the interior of the les ion. Dynamic CT (fig . 5) in case 4 
showed a fl at contrast attenuati on curve within the interior 
of the les ion. 

The cyst fluid, obtained intraoperatively , was scanned in 
a water bath in two patients. The aspirate from case 2 had 
a CT attenuati on value of 20 H and that obtained from case 
3,30 H. 

Discussion 

The CT characteri stics of c raniopharyngioma have been 
reported by Fitz et al. [2] and are described as suprasellar 
lesions that may be cysti c, demonstrate calc ified areas , 
and / or show contrast enhancement. The authors describe 
a well demarcated area of low attenuation within the tumor 
mass when desc ribing the lesions as cystic . Although a high 
density cyst is reported in their series of 40 patients, thi s 
was seen postoperatively and no explanation of thi s hyper
density was offered , although at reoperation the cyst was 
said to contain " extremely vi scous fluid ." 

The tumors in our series were part ly calc ified showing 
nodular calc ification in two and a calcific capsule in the 
other two. In addition to the areas of calcification , a well 
c ircumscribed iso- to hyperdense nonenhancing region is 
seen in the center of the lesions. All these lesions proved to 
be gross ly cystic at surgery despite the central areas of iso
to hyperdensity on CT. 

We believe that high intracystic protein concentration 
accounts for the major part of the increased density in these 
cysti c lesions. New and Aronow [3] have shown in vitro that 

TABLE 1: Summary of Findings in Case Material 

Case No . 
(age. gender) 

Clinical Fea tures Plain Film 

a linear relation exists between observed attenuation coef
fic ients and protein concentration . Salcman [4] obtained 
simi lar results using aspirates of various intracranial fluids 
obtained at surgery. Total intracystic protein concentrations 
obtained in three of our four cases revealed values similar 
to that found in human serum in two and a markedly elevated 
value of 15.2 g / dl in the third. From New and Aronow 's 
study [3] , these correspond approximately to 16 Hand 36 
H, respectively. 

In vitro scanning of two of our four cyst aspirates revealed 
attenuation values in the hyperdense range . Close corre la
tion between in vivo attenuation measurements and in vitro 
measurements of the aspirates was not obtained. Bydder 
and Kreel [5] have obtained similar results and regard this 
difference between in vivo and in vitro measurement of the 
same sample as due to spectral errors. Other possibilities , 
such as degradation of unstable proteins with time or in vivo 
intracystic protein concentration variation from the time of 
initial CT scan to operation , may account for the discrepancy 
but remain unproven to date. 

The contribution of calcium and iron to the overall CT 
density is negligible. New and Aronow [3] calcu lated that 1 
mg of iron / 1 00 ml yie lds an attenuation of 0.0708 Hand 1 
mg of calcium yields an attenuation of 0.068 H. The values 
obtained from our aspirates (table 1) are thus c learly too 
small to contr ibu te to the CT density of the observed cysts. 

Cyst formation is common in craniopharyngioma. Of 245 
craniopharyngiomas examined at the Armed Forces Institute 
of Pathology, 84 % were at least in part cystic while 60% 
were exclusive ly so [1]. Three fundamental mechanisms for 
cyst formation have been postulated by these authors. 
These include: (1) degenerative changes in the central part 
of cellular nests , (2) degenerative changes in the stroma, 
and (3) maturation and desquamation of squamous epithe
lium with accumu lation of sloughed debris . These three 

CT Surgery Laboratory 

1 (13,F) Headache, nausea, 
papilledema 

Undercut c linoids, 
suprasellar cal
c ifica tion 

Single, dense, sharply margin
ated, nonenhancing suprasel
lar mass; hydrocephalus 

Cyst drain
age, 6 ml 
fluid ob
tained 

NA 

2 (11 ,F) 

3 (5, F) 

4 (32, M) 

Blurred vision o.S. 

Headache, nausea, 
vomiting 

Delayed maturation, 
nausea, vomiting, 
headache, chias
mal compression 
syndrome 

Suprasell ar calc ifi
cation, erosion 
of dorsum 

Suprasellar calc ifi
cation 

Single, hyperdense, nonenhanc
ing , sharply marg inated supra
sellar mass with posterior ca l
c ification 

Multiple large, sharply margin
ated, slightly hyperdense 
masses with peri pheral capsu
lar enhancement and calci fica
tion 

Single dense, sharply margin
aled mass; peripheral curv ilin
ear and nod ular calci fi cation; 
erosion of R orbital wall and 
max illary antrum; brain stem 
rotat ion; fl at attenuation curve 
in lesion in terior on dynamic 
CT 

NOle.- TP = lo la I protein : Ca' . = calcium concentration; Fe' . = iron concentration . 

10 ml xan
thochromic 
fluid 
drained 

30 ml 
"crankcase 
oil " drained 

15 ml fluid 
drained 

TP, 3.8 g / dl ; 
Ca++ , 8. 6 
mg / dl ; Fe++ , 
246 /Lg / dl 

TP , 15.2 g / dl 

TP , 5 .5 g / dl ; 
Ca++ ,8.6 
mg / dl ; Fe++, 
180 /Lg / dl 
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Fig. 1.-Case 1. Noncontrast CT scan. Midline, well c ircumscribed, 
sharply margin ated , hyperd ense mass causing ventricular enlargement. After 
intravenous administration of contrast material , no significant enhancement 
was noted (not shown) . 

Fig. 2. -Case 2. Contrast-enhanced image. Sharply marginated , midline 
suprasellar mass which did not have significant contrast enhancement (non
contrast scan not shown) . Posteri or nodular ca lcification (arrows ). 

Fig . 3. -Case 3. Noncontrast axial scan. Several iso- to hyperdense 
masses emanate from suprasellar region and ex tend into both anterior and 

Fig . 5.-Case 4. Dynamic CT scan . Flat time-density curve (single arrows) 
obtained from interior of lesion, compared to normal rapid washin and 
washout of vascular time-density curve (double arrows) obtained from middle 
ce rebral artery. This finding is consistent with cyst. 

mechanisms, either alone or in combination, may give ri se 
to differing intracystic protein concentration which would 
account for the observed spectrum of attenuation values . In 
addition , Hirano et al. [6] reported the occurrence of fen
estrated capillaries in craniopharyngiomas which might al
low free passage of plasma protein into the cysts. 

Clinicall y, the diagnosis of a cystic or predominantly cystic 
lesion is important preoperative information . In large lesions, 
simple cyst aspiration may be the surgical goal for chias
matic decompression and relief of increased intracranial 
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middle c ranial fossae on right. Shift of midline struc tures towa rd left. Nod ular 
(arrow) and curvilinear capsular (double arrows) calcificati on associated with 
thi s lesion. 

Fig . 4. - Case 4. Contrast-enhanced ax ial image. Hyperdense, sharply 
marginated suprase llar lesion associated with nodular (arrow) and periphera l 
curvilinear (double arrows) calcificat ion and brainstem rotation. Compari son 
with noncontrast scan (not shown) revea led no signifi cant contrast enhance
ment. 

pressure. Initial cyst decompression may also allow eas ier 
access for total and subtotal removal from the vital supra
sellar-hypothalamic region. 

Lesion characteristics on CT and not specifi c attenuation 
coefficients should be considered in differentiating cysti c 
from solid tumors . A dense cyst on noncontrast scan in 
craniopharyngioma is uncommon , occurring in only four of 
our series of 63 surgically resected c raniopharyngiomas. 
However, this entity should be suspected if one encounters 
a well demarcated lesion with sharp margins with a central 
area of unenhancing homogeneous density regardl ess of 
the attenuation values. In addition , calcification of the tumor 
capsule is common and will raise the index of suspicion of 
an intratumoral cyst. The diagnosis of cysti c les ions may be 
fac ilitated by dynamic CT which demonstrates abse nce of 
any intratumoral time / density change after contrast infu
sion . 
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